Background: Oral pharmacotherapies to treat overactive bladder (OAB) are used less in men despite a similar prevalence of storage symptoms as women. The efficacy and safety of oncedaily mirabegron 50 mg was evaluated in male OAB patients from five phase III studies that included placebo or antimuscarinic (tolterodine ER 4 mg or solifenacin 5 mg) as a comparator. Methods: Three pooled 12-week placebo-controlled studies (mirabegron 50 mg versus placebo) and one 12-week non-inferiority phase IIIb study (BEYOND; mirabegron 50 mg versus solifenacin 5 mg) were used for efficacy (daily micturition frequency, urgency and incontinence episodes) and safety analyses. An additional 52-week active-controlled phase III safety study (mirabegron 50 mg versus tolterodine ER 4 mg) was included in the safety analysis. Male patients aged ⩾18 years with OAB for ⩾3 months were included in the analyses. Patients may also have a history of lower urinary tract symptoms (LUTS) associated with benign prostatic hyperplasia (BPH)/benign prostatic enlargement (BPE) or concomitant use of α 1 -blockers. Results: In the pooled studies, mirabegron 50 mg demonstrated superiority versus placebo (treatment difference: −0.37 [95% confidence interval (CI): −0.74, −0.01]) for reducing micturition frequency; improvements in urgency and incontinence were not significantly different between mirabegron 50 mg and placebo. In BEYOND, mirabegron 50 mg was comparable with solifenacin 5 mg for reducing micturition frequency, urgency, and incontinence episodes. Mirabegron was well tolerated at 12 and 52 weeks and overall treatment-emergent adverse events (AEs) were similar to those with placebo. Conclusions: In a male OAB population with or without LUTS associated with BPH/BPE, mirabegron 50 mg provided similar improvements in urgency, frequency, and incontinence as solifenacin 5 mg, and is a well-tolerated alternative to antimuscarinics. In the three pooled 12-week studies, significant differences were not seen for urgency and incontinence versus placebo, although mirabegron 50 mg did demonstrate significant improvements versus placebo for frequency.
Introduction
Lower urinary tract symptoms (LUTS) can be classified into storage, voiding, and post-micturition symptoms. Most patients experience a diversity of LUTS, which often develop via similar pathophysiology. Nevertheless, male and female LUTS are often regarded as two distinct conditions, related to prostate pathology in men and bladder pathology in women. 1 The prevalence of storage (51.3% and 59.2%), voiding (25.7% and 19.5%), and post-micturition LUTS (16.9% and 14.2%) are generally similar between men and women, respectively. 2 This includes overactive bladder (OAB), defined as urinary urgency usually accompanied by frequency and nocturia, with or without urgency incontinence, in the absence of urinary tract infection or other obvious pathologies. 3, 4 OAB affects approximately 12% of men and women aged >40 years, and its prevalence increases with advancing age. 2 OAB can impact significantly on quality of life (QoL) in men and women 5, 6 and is generally perceived as more bothersome than voiding symptoms; 7 the latter is usually associated with benign prostatic obstruction (BPO) in men.
Despite the similar prevalence of OAB symptoms in men and women, there are important differences in predominating symptoms and their management. Men are more likely to experience urgency, frequency and nocturia accompanied by LUTS associated with voiding dysfunction, 1, 6, 7 whereas women are twice as likely to experience incontinence (including stress and mixed incontinence). 6, 7 Oral antimuscarinics or β 3 -adrenoceptor agonists (mirabegron) are recommended as first-line pharmacotherapy for the treatment of OAB. 8 Longterm persistence of treatment is often poor with antimuscarinics due to inadequate efficacy or anticholinergic adverse events (AEs), such as dry mouth or constipation, 9, 10 and in male patients there remains a perception of an increased risk of acute urinary retention, despite that risk being low. 11 Mirabegron has demonstrated similar efficacy to antimuscarinics, without the bothersome AEs associated with antimuscarinics, in pivotal 12-week phase III studies and pooled data, [12] [13] [14] [15] [16] including phase III studies in Japanese and Asian populations, 17, 18 and long-term tolerability in a 52-week phase III study. 19 This improved tolerability profile is reflected by significantly higher 12-month adherence and persistence rates in patients taking mirabegron versus antimuscarinics. 20 In a previous phase II study in males with LUTS/bladder outlet obstruction (BOO), mirabegron did not adversely affect voiding urodynamics [maximum urinary flow (Q max ), detrusor pressure at maximum urinary flow (P det . Qmax ), or detrusor contractility] and was not associated with acute urinary retention after 12 weeks' treatment. 21 Additionally, mirabegron was efficacious for several OAB outcome variables. 21 However, mirabegron is not recommended in patients with severe uncontrolled hypertension. 22 In men with LUTS, the 2015 European Association of Urology guidelines recommend antimuscarinics or β 3 -adrenoceptor agonists to treat moderate-to-severe LUTS where bladder storage symptoms predominate, and a combination of α 1 -adrenoceptor antagonist (α 1 -blocker) and antimuscarinic to treat troublesome moderateto-severe LUTS if symptom relief with either monotherapy is insufficient. 23 Male patients often receive α 1 -blockers first to treat bladder storage symptoms (i.e. urgency) due to the perception that benign prostatic enlargement (BPE) is the underlying cause; however, storage LUTS remain bothersome in two-thirds of such men. 24 Combining an antimuscarinic or mirabegron with an α 1 -blocker improves efficacy versus monotherapy in males with LUTS/BPE. [25] [26] [27] However, the potential for anticholinergic AEs is higher with antimuscarinics, which may worsen treatment persistence. 9 There have also been reports of increased post-void residual (PVR) volume in men with BPO treated with mirabegron or antimuscarinics combined with an α 1 -blocker; however, these were volumes considered clinically irrelevant (i.e. <50 ml). [24] [25] [26] [27] Despite the underrepresentation of male OAB patients in phase III trials (~20-25% of the study population), there is growing evidence about the efficacy and safety of mirabegron in men. The objective of this critical analysis of male data from five phase III studies was to evaluate the efficacy of mirabegron 50 mg once daily based on 12-week pooled data 15 from three phase III studies (SCORPIO, 12 ARIES, 13 CAPRICORN 14 ) and a phase IIIb non-inferiority study (BEYOND), 16 and to evaluate 12-week safety from these studies and a 52-week phase III safety study (TAURUS). 19 
Methods

Study design and population
Efficacy and safety have been previously reported in the overall OAB population in the five phase III studies included in this analysis of male data. [12] [13] [14] [15] [16] 19 The five studies consisted of three 12-week placebo-controlled phase III studies [SCORPIO (ClinicalTrials.gov identifier: NCT00689104), ARIES (ClinicalTrials.gov identifier: NCT006-62909), and CAPRICORN (ClinicalTrials.gov identifier: NCT00912964)], one 12-week noninferiority phase IIIb study [BEYOND (Clinical Trials.gov identifier: NCT01638000)], and one 52-week phase III active-controlled safety study [TAURUS (ClinicalTrials.gov identifier: NCT0-0688688)] ( Figure 1 ). Patients enrolled in SCORPIO and ARIES in any treatment group who completed all visits could enroll in TAURUS after discontinuing study medication for at least 30 days. Mirabegron 25 mg was only studied in one (CAPRICORN) of the five phase III studies. Due to the limited number of male patients administered once-daily 25 mg mirabegron [recommended starting dose in the United States (US) and several other countries], the 25 mg data were excluded in addition to those for the unlicensed 100 mg mirabegron dose (SCORPIO, ARIES, and TAURUS).
Men enrolled in these studies were aged ⩾18 years with OAB for ⩾3 months, and the studies could include men with a history of LUTS associated with BPH/BPE and/or concomitant use of α 1 -blockers (Tables 1 and 2 ). In BEYOND, the population consisted of patients dissatisfied (based on the Treatment Satisfaction Likert questionnaire) with the efficacy of their last antimuscarinic (excluding solifenacin). Following a 2-week, single-blind, placebo run-in to determine baseline symptoms and eligibility, patients were randomized if, during a 3-day micturition diary period, they recorded ⩾8 micturitions/24 h and ⩾3 urgency episodes, based on urgency grade 3 or 4 according to the Patient Perception of Intensity of Urgency Scale (PPIUS) 28 with or without urgency incontinence. Patients with clinically significant BOO at risk of urinary retention were excluded from the pooled studies or TAURUS (at the discretion of the investigator), and excluded from BEYOND if PVR volume was >200 ml (Supplementary material S1: Key inclusion and exclusion criteria and Supplementary material S2: Randomization and blinding).
Efficacy assessment
Efficacy was assessed according to sub-analyses of pooled data from SCORPIO, ARIES, and CAPRICORN (mirabegron 50 mg or placebo once daily), and data from BEYOND (mirabegron 50 mg or solifenacin 5 mg [active comparator] once daily) after 12 weeks' treatment. Safety was the primary objective for the 52-week TAURUS study and was not designed or powered for efficacy comparisons so efficacy results are not presented. The pooled male sub-analysis for mean number of micturitions/24 h and mean number of incontinence episodes/24 h was prespecified prior to database lock and unblinding of treatment groups for the three studies included in the pooled analysis (i.e. prior to analyzing any data from any study by sex). The pooled male sub-analysis for mean number of urgency episodes/24 h was a post hoc analysis. In BEYOND, the analysis for micturition frequency was prespecified, and analysis on incontinence and urgency were post hoc.
Patients completed a 3-day micturition diary prior to clinic visits at baseline, 4, 8, and 12 weeks/end of treatment (EoT; last on-treatment assessment including patients who did not complete week 12 visit). The three key OAB symptoms were assessed based on the 24-h change from baseline to EoT: mean number of micturitions; mean number of urgency episodes (PPIUS grade 3 or 4); and mean number of incontinence episodes. Nocturia is often multifactorial and clinical trials do not differentiate between nocturnal polyuria and nocturia, 29 hence its exclusion.
Safety assessment
Safety was assessed based on pooled data in males from SCORPIO, ARIES, and CAPRICORN (mirabegron 50 mg or placebo), post hoc analysis in BEYOND (mirabegron 50 mg or solifenacin 5 mg), and the 52-week TAURUS study [mirabegron 50 mg or tolterodine extended-release (ER) 4 mg (active control)].
Assessments included the incidence of treatmentemergent AEs (TEAEs), including those of special interest (e.g. antimuscarinic-related AEs and urinary retention). Vital signs were assessed using patient-recorded 5-day diaries (pooled analysis and TAURUS) and/or by the investigator on site (pooled analysis, TAURUS, and BEYOND). Patient-recorded vital signs in men are presented only for the pooled studies and TAURUS since this analysis was not conducted in BEYOND. Hypertension was reported as an AE according to three prespecified criteria in the pooled studies and TAURUS: systolic blood pressure (SBP) >140 mmHg and/or diastolic blood pressure (DBP) >90 mmHg at two consecutive visits postbaseline in normotensive patients at baseline; SBP increased by ⩾20 mmHg and/or DBP increased by ⩾10 mmHg at two consecutive visits post-baseline in hypertensive patients at baseline; treatment with an antihypertensive was initiated to treat hypertension or the dose of a prior antihypertensive was increased due to increased blood pressure. In contrast, hypertension as an AE was based on spontaneous reporting in BEYOND. Change in PVR volume from baseline to EoT was also assessed in men with or without a history of LUTS associated with benign prostatic hyperplasia (BPH)/BPE in the pooled analysis. PVR volume was not measured in TAURUS and only measured at screening in BEYOND.
Statistical analysis
Demographic and baseline characteristics were summarized by descriptive statistics. Micturition frequency and urgency were assessed in the full analysis set (FAS; patients receiving ⩾1 dose of double-blind treatment at baseline and ⩾1 post-baseline micturition measurement) and incontinence was assessed in the FAS-incontinence (FAS-I; FAS patients with ⩾1 incontinence episode at baseline).
In the pooled analysis, changes from baseline in daily micturitions, urgency episodes, and incontinence episodes for the comparison of mirabegron 50 mg versus placebo were analyzed using an analysis of covariance (ANCOVA) model including treatment, sex, study, and treatment-by-sex interaction as fixed factors, and baseline as a covariate.
In BEYOND, non-inferiority analyses of daily micturitions in the per protocol set were similar to the FAS; 16 to be consistent with the pooled data, only outcomes in the FAS are reported. Change from baseline in daily micturitions, urgency episodes, and incontinence episodes was analyzed using an ANCOVA model with treatment, age (<65 years and ⩾65 years), number of prior antimuscarinics (1 antimuscarinic and ⩾2 antimuscarinics), and geographic region as fixed factors, and baseline as a covariate.
Least squares mean estimates and two-sided 95% confidence intervals (CIs) for mean changes from baseline were derived within treatment groups and between mirabegron 50 mg and placebo or solifenacin 5 mg.
Descriptive statistics were presented for the safety analysis set (SAF; randomized patients who received ⩾1 dose of double-blind treatment). Vital signs on the pooled studies were analyzed using the same ANCOVA model as the efficacy variables. Vital signs for TAURUS were assessed using an ANCOVA model with treatment group, previous study history, sex, geographical region, and treatment-by-sex interaction as fixed factors, and baseline as a covariate.
Results
Demographic and baseline characteristics
Overall, 1187 men were included in the FAS and 1642 men in the SAF (Table 1 and Figure 1 ). In the pooled 12-week studies and the 52-week TAURUS study, of the male patients who had prior OAB treatment (41%), approximately 70% had discontinued treatment because of insufficient efficacy; discontinuation of a previous antimuscarinic due to insufficient efficacy was a prerequisite for inclusion in BEYOND. Patient demographics and baseline characteristics were consistent across treatment groups and generally similar across studies, although patients in BEYOND had a higher average number of urgency episodes/24 h at baseline (>7 episodes) versus the pooled studies (~5 episodes) ( Table 2) . Approximately 37% of men had a history of LUTS associated with BPH/BPE and 22% were receiving an α 1 -blocker, indicating a substantial proportion had underlying LUTS/BPO. In the FAS-I, baseline incontinence (~2.0 episodes/24 h) was comparable across the pooled studies, TAURUS, and BEYOND.
Efficacy
In the FAS, mirabegron 50 mg was associated with a statistically significantly greater reduction in daily micturitions versus placebo in the pooled analysis (Figure 2a ). Adjusted mean (95% CI) change from baseline to EoT was −1. Figure 2b ).
In the FAS-I, improvements in daily incontinence episodes were similar with mirabegron 50 mg and placebo in the pooled analysis. Adjusted mean (95% CI) change from baseline to EoT in the mean number of incontinence episodes/24 h was −1.48 (−1.78, −1.18) and −1.41 (−1.72, −1.10) with mirabegron 50 mg and placebo, respectively: mean treatment difference versus placebo of −0.07 (−0.50, 0.36) favoring mirabegron 50 mg. In BEYOND, the adjusted mean (95% CI) change from baseline to EoT was −2.02 (−2.27, −1.77) and −1.74 (−1.99, −1.49) with mirabegron 50 mg and solifenacin 5 mg, respectively: mean treatment difference versus mirabegron 50 mg of +0.28 (-0.08, 0.64), which favored mirabegron, but was not statistically significant ( Figure 2c ).
Safety
After 12 weeks of treatment, the overall incidence of TEAEs was similar between mirabegron 50 mg (46.1%) and placebo (45.2%) in the pooled studies, and between mirabegron 50 mg (24.5%) and solifenacin 5 mg (26.2%) in BEYOND. After 52 weeks' treatment, the incidence of TEAEs in TAURUS was higher than the other studies, likely due to additional observation time, but was similar between mirabegron 50 mg (60.0%) and tolterodine ER 4 mg (62.3%). In each case, the incidence of TEAEs in men was similar to the overall OAB population ( Table 3) . Common TEAEs (⩾2% in any group) in the pooled studies (mirabegron 50 mg versus placebo), BEYOND (mirabegron 50 mg versus solifenacin 5 mg), and TAURUS (mirabegron 50 mg versus tolterodine ER 4 mg), respectively, were nasopharyngitis (5.9% versus 2.1%; 2.2% versus 1.3%; and 3.3% versus 3.3%), headache (2.5% versus 1.3%; 3.1% versus 1.3%; and 2.4% versus 3.3%), constipation (2.0% versus 1.6%; 1.8% versus 2.7%; and 2.9% versus 1.9%), and dry mouth (1.5% versus 2.4%; 3.5% versus 6.7%; and 3.3% versus 8.0%) ( Table 3 ). Arterial hypertension, reported according to three prespecified criteria, was the most frequently reported TEAE in the pooled studies (~10% with placebo and mirabegron 50 mg) and TAURUS (~12% with mirabegron 50 mg and tolterodine ER 4 mg).
In BEYOND, hypertension according to spontaneous reporting as an AE was reported in 0.4% of men treated with mirabegron 50 mg or solifenacin 5 mg. Overall, three cases of acute urinary retention were reported, two in the pooled analysis [placebo n = 1 (0.3%) at day 83; mirabegron 50 mg n = 1 (0.3%) at day 47] and one in TAURUS [tolterodine ER 4 mg n = 1 (0.5%) at day 21]. In the pooled analysis at EoT, mean SBP and DBP increased by ~1 mmHg and 0.5 mmHg, respectively, and mean pulse rate increased by approximately 1 beat per minute (bpm) with mirabegron 50 mg versus placebo. In TAURUS, changes in SBP and DBP after 52 weeks were of a similar magnitude to the 12-week pooled studies, and the difference between mirabegron 50 mg and tolterodine ER 4 mg was also similar to the 12-week studies ( Table 4 ).
In the pooled analysis, there were no notable changes in PVR volume at EoT with mirabegron 50 mg or placebo in patients with or without history of LUTS associated with BPH/BPE ( Figure  3) . Overall, two patients experienced a post-baseline PVR >300 ml [placebo n = 1 (339 ml) and mirabegron 50 mg n = 1 (450 ml)], although baseline PVR volumes were already relatively high [172 ml (placebo) and 161 ml (mirabegron 50 mg)].
Discussion
In this analysis of male OAB patients, including a significant proportion with a history of LUTS associated with BPH/BPE (~37%) or use of α 1blockers at baseline (~22%), mirabegron 50 mg demonstrated superiority versus placebo, and was comparable with solifenacin 5 mg in improving micturition frequency. In the pooled studies, despite a clear improvement in urgency with mirabegron 50 mg, the result did not differentiate from placebo possibly due to a high placebo response. Although incontinence is uncommon in men, it was improved with mirabegron 50 mg by a similar magnitude as solifenacin 5 mg, but mirabegron 50 mg did not differentiate from placebo in the pooled studies.
Although OAB affects men and women equally in terms of prevalence and impact on QoL, it is important to recognize sex differences in etiology, underlying pathology and symptom presentation. Men tend to report more LUTS with greater severity than the general OAB population, and are particularly bothered by urgency, frequency, and nocturia. 7, 30, 31 The proportion of men with OAB in this analysis was relatively high (24-29%) compared with the Healthcore Integrated Research Database (17%), 32 but was less than the EPIC study (35%). 5 The FAS population was representative of male OAB patients in clinical practice with low baseline incontinence (~0.9 episodes/24 h).
The incidence of TEAEs in men treated with mirabegron 50 mg was similar to the overall population and placebo, suggesting there is no requirement for dose adjustment based on sex. The incidence of dry mouth was two-fold higher with solifenacin or tolterodine versus mirabegron, and was the most frequent TEAE reported in BEYOND. The higher incidence of TEAEs in TAURUS with mirabegron 50 mg and tolterodine ER 4 mg was expected given the longer duration of treatment. The lower incidence of TEAEs in BEYOND could be attributed to selection bias of patients previously treated with antimuscarinics and hence more likely to tolerate bothersome AEs. Arterial hypertension, the most frequent TEAE in the pooled studies and TAURUS, was reported at a similar rate with mirabegron, tolterodine, and placebo, and comparable with the overall population in these studies. Arterial hypertension was almost absent in BEYOND, which is probably explained by the different reporting criteria (prespecified versus spontaneous reporting) and frequency of assessment (on-site investigator versus 5-day diaries). The change in vital signs in men treated with mirabegron 50 mg was comparable with vital sign results from a recent systematic literature review of cardiovascular safety with mirabegron, which reported a mean increase in SBP/DBP and pulse rate of ⩽1 mmHg and 1 bpm, respectively, with mirabegron 50 mg versus placebo, and a rate of arterial hypertension of 8.7% and 8.5% with mirabegron 50 mg and placebo, respectively. 33 These data offer an interesting insight in patients with a history of LUTS associated with BPH/BPE and OAB, and confirm the safety of mirabegron and solifenacin in this population. In the pooled studies, PVR volume, an important predictor of acute urinary retention, was comparable between mirabegron and placebo, and was unaffected by history of LUTS associated with BPH/BPE. Acute urinary retention was reported in only 3 cases (placebo n = 1; mirabegron 50 mg n = 1; tolterodine ER 4 mg n = 1).
Approximately half of men with symptomatic BPE also have bladder storage symptoms, 24, 34 and it is these storage symptoms, mainly urgency, frequency, and nocturia, which usually prompt them to seek advice. However, the underlying cause of storage LUTS may be unrelated to BPE. Furthermore, it is often difficult to differentiate symptoms of detrusor overactivity and BPO without a comprehensive urodynamic assessment. 35 Table 4 .
Change from baseline to EoT in vital signs as measured by patient diary in the morning and afternoon (SAF). ANCOVA, analysis of covariance; bpm, beats per minute; CI, confidence interval; DBP, diastolic blood pressure; ER, extended release; EoT, end of treatment; N/A, not applicable; SBP, systolic blood pressure; SAF, safety analysis set; SE, standard error.
Vital signs
Consequently, storage LUTS are often treated with α 1 -blockers assuming underlying BPO without an additional medication to target residual storage symptoms. This results in the insufficient control of urgency and frequency in as many as two-thirds of males with LUTS. 24 Mirabegron has previously been shown to be efficacious and well tolerated in a phase II study investigating urodynamics and safety in 200 men with LUTS/BOO. 21 Micturition frequency, urgency, and incontinence episodes/24 h were reduced by a similar magnitude with mirabegron 50 mg versus placebo (−1.35, −1.60, and −0.89, respectively) as the pooled 12-week studies, and differences were statistically significant for urgency (p < 0.01) and frequency (p < 0.05). Furthermore, there were no detrimental effects on voiding phase urodynamics such as Q max , P det . Qmax , or bladder contractility index. The overall incidence of TEAEs (mirabegron 40.0% versus placebo 43.1%) in men with LUTS/BOO was comparable with the pooled 12-week studies, and there were no reports of acute urinary retention. 21 The rate of hypertension in males with LUTS/ BOO was comparable between the mirabegron 50 mg (4.3%) and placebo (3.1%) groups. 21 The absence of any detrimental effect on voiding phase parameters (Q max and P det . Qmax ) with mirabegron in males with LUTS/BPE is related to its mode of action. Stimulation of the β 3 -adrenoceptor mediates detrusor relaxation and increases bladder capacity during the storage phase, but there are no changes during the voiding phase, thus there are no effects on micturition pressure, flow rate, or residual volume. Concerns that antimuscarinics may impair voiding pressure during bladder emptying and thereby increase the risk of acute urinary retention, particularly in men with underlying BPO, appear to be unfounded based on two literature reviews of antimuscarinics in men with LUTS. 11, 36 After comparing acute urinary retention rates in the general male population and in men with LUTS (PVR ⩽ 200 ml), the risk with antimuscarinics with or without α 1blockers may be increased during short-term treatment but, if patients do not develop acute urinary retention within the first 3-4 months, their subsequent risk is lower than the untreated, symptomatic population. 11 Furthermore, a smaller study suggested long-term antimuscarinic use (>1 year) was a risk factor for increasing PVR volume by >50 ml. 37 Although significant increases in PVR volumes have been reported (>20 ml to <40 ml) in men with storage symptoms and BPE following combination therapy with antimuscarinic plus α 1 -blocker, 26 or mirabegron plus α 1 -blocker, 27 these were considered clinically irrelevant, as reflected by the single case of acute urinary retention in the latter study. 27 These data support the safety for mirabegron and solifenacin in patients with LUTS associated with BPH and PVR < 200 ml.
The efficacy observed with mirabegron in this analysis, primarily deriving from US and European male data, is consistent with unpublished male data from a Japanese phase III study. 17 In Japanese males with OAB, a similar benefit in reducing micturition frequency was observed with mirabegron 50 mg (−1.03) versus placebo (−0.74); a treatment difference of −0.30 (95% CI: −1.21, 0.61). However, relative improvements in urinary incontinence and urgency were not demonstrated. In a more diverse Asian population (Taiwan, Korea, China, and India), 18 unpublished male data indicate that mirabegron 50 mg versus placebo improved micturition frequency (−2.25 versus −1.69) and incontinence (−1.30 versus −0.80); however, as observed with the US/European data and Japanese data, improvements in urgency did not differentiate from placebo. Interestingly, a clear treatment effect was observed for volume voided per micturition (the most objective bladder diary outcome) in favor of mirabegron (11.46 ml) versus placebo (−0.73 ml).
Study limitations
One of the main limitations is the small amount of pooled data available at the time of this male sub-analysis. The 12-week data were pooled as a requirement of the US and European regulatory submission process in 2012 and, therefore, only included North American and European studies. Studies conducted outside these regions with data available at the time of pooling (i.e. Japanese phase III data 17 ) were not included. There are plans to integrate mirabegron phase II-IV data from all geographic regions, which will provide a larger sample size for men to be analyzed at the 12-week time point. When available, these results should add to the volume of available data on men with OAB. However, in the interim, the unpublished efficacy data in Japanese and Asian men are presented in the discussion to highlight potential regional differences.
The limited number of studies that shared the same design and population will have undoubtedly contributed to the observed heterogeneity with mirabegron. For instance, the inclusion of superiority versus non-inferiority study designs and studies that allowed only prior-treated patients versus those that also allowed naïve patients. Further factors known to affect homogeneity of OAB treatment effect estimates, which differed between the studies in this analysis, include small patient numbers, severity of incontinence and urgency at baseline, and placebo response rates. A high placebo response is not unusual in OAB trials and may be a consequence of counselling and lifestyle changes, self-reported diaries, subjective assessment of urgency, trials of shorter duration, and the concomitant use of α 1blockers. Markedly higher placebo responses were evident in male patients versus female patients for urgency (−1.88 versus −1.06) and incontinence (−1.41 versus −1.03), but not micturitions (−0.92 versus −1.31) in the pooled studies, which contributed in part to the lower treatment effect versus placebo observed in male patients for these two variables. In the overall populations in OAB registration trials, treatment differences between active drug and placebo are often limited due to the high placebo response inherent in OAB trials. The reduction in micturition frequency in this male OAB population is lower than seen in the overall OAB population, yet the results are statistically significant. The relatively small sample size in this analysis could have impacted the urgency and incontinence results, especially taking into consideration that a smaller proportion of male OAB patients have urinary incontinence compared with females.
Ongoing mirabegron phase IV male OAB studies shall provide more conclusive evidence in the future. Although women are more likely to experience incontinence than men, a significant proportion of male patients experience some element of post-micturition dribble, 38 which could be perceived by the patient as incontinence, and is less likely to be responsive to treatment. Therefore, one might expect to observe reductions in urgency incontinence of a similar magnitude in men versus women. Nevertheless, the limited response observed in men in this analysis is consistent with a recent literature review and meta-analysis of OAB medications, which found incontinence outcomes less favorable in men. 39 The authors attributed this to discrepancies in anatomy and pathophysiology, particularly comorbid conditions such as BPH, which can precipitate episodes of post-micturition dribble and overflow incontinence. 39 Furthermore, this analysis was not powered for the male population and lacked a common comparator across the studies, so efficacy and safety results are not interpretable for relative comparisons. The use of an active comparator (solifenacin) in BEYOND, in patients who were unresponsive to previous antimuscarinic therapy, could be seen to potentially bias the results in favor of mirabegron. However, this was not evident in the overall population or in male patients, which supports the original evidence-based premise that solifenacin is effective in both treatment-naïve OAB patients and those who failed previous antimuscarinic therapy, and supported the decision to use solifenacin as an active comparator for this non-inferiority study. The inclusion of a placebo group in BEYOND might have allowed a more meaningful assessment of the treatment effect observed with mirabegron and solifenacin.
The limitations of this analysis could be addressed in the future via a network meta-analysis with corresponding female data after accounting for differences between the male and female populations, which would allow direct and indirect treatment comparisons and estimation of relative efficacy (including patient-reported outcomes) and safety with mirabegron by sex; male and female data from the phase III Japanese and Asian studies 17, 18 could also be potentially included.
Post hoc analyses could explore which male patient factors influence efficacy and safety of mirabegron (e.g. age, previous or concomitant medical therapy for LUTS/BPH, duration and severity of symptoms, previously treated versus treatmentnaïve) and whether a similar response is observed in men treated with the 25-mg mirabegron dose. Future analyses could also benefit from the inclusion of efficacy and safety data from phase II studies and efficacy data in treatment-naïve patients from TAURUS. 19 The two large randomized controlled trials [ClinicalTrials.gov identifiers: NCT02757768 and NCT02656173] designed to investigate the efficacy and safety of add-on mirabegron in men with OAB symptoms taking an α-blocker (tamsulosin hydrochloride) for LUTS due to BPH are currently recruiting participants. A small Japanese study has already reported significant improvements in OAB and good tolerability following add-on mirabegron to tamsulosin versus tamsulosin monotherapy in men with OAB and BPE. 27
Conclusion
In male OAB patients with or without underlying BPE, mirabegron 50 mg improved urgency, frequency, and incontinence, as did solifenacin 5 mg in BEYOND. Although statistically significant differences were not seen for urgency and incontinence versus placebo in the pooled studies, mirabegron 50 mg did demonstrate statistically significant improvements in frequency versus placebo. Mirabegron 50 mg is a well-tolerated alternative to antimuscarinics, without the same potential concerns over voiding difficulty. No significant increase in PVR volume or in the incidence of acute urinary retention was observed with mirabegron. More robust randomized controlled studies are required to confirm the benefit of mirabegron in men, to explore why mirabegron is more effective in improving frequency than other OAB symptoms, and to investigate mirabegron monotherapy and add-on therapy to α 1 -blockers in men with and without underlying BPE/BPO, with the focus on improving storage symptoms of frequency, urgency, and nocturia. Post hoc analyses could also explore whether certain patient categories (e.g. age, severity of symptoms) are more predictive of treatment success. 
